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1*  Introduction 


Attempts  thusfar  to  treat  the  motion  of  ships  in  ocean  waves  have  been 
almost  exclusively  limited  to  semi-empirioal  methods  based  on  the  Froude- 
Kriloff  hypothesis.  That  is,  the  effect  of  the  ship  on  the  indioent  wave  is 
assumed  to  be  contained  in  two  terms  involving  first  and  second  derivatives 
multiplied  by  oonstante  o&lled  the  damping  factor  and  virtual  mass  respectively. 
These  constants  are  then  determined  experimentally  by  oscillation  of  the  object 
in  still  water.  The  foroing  funotion  of  the  resulting  differential  equation 
of  motion  is  then  taken  as  the  pressure  due  to  the  undisturbed  incident  wave. 

The  procedure  jurt  outlined  has  been  presented  in  detail  by  Fuohe^)*  for 
the  oase  of  a rectangular  block  and  simple  harmonic  motion,  and  the  results 
generalised  by  Fuohs  and  HacC&my'  ' to  the  oase  of  hon-periodic  actions.  It 
was  felt  by  the  author,  therefore , that  suoh  considerations  had  been  carried 
sufficiently  far  to  warrant  a more  oritioal  analysis  of  the  problem  of  ship 
motion.  To  this  end  a study  of  the  hydrodynamic  problems  involved  was  begun, 
with  the  ultimate  goal  of  obtaining  solutions  whioh  are  complete  within  them- 
selves and  do  not  depend  on  experimental  data.  In  order  to  deal  with  the  sim- 
plest eases,  ssthsmatioally^  the  investigations  have  been  limited  to  the  two 
dimensional  problem  of  an  infinitely  long  circular  cylinder  and  the  three  dimen- 
sional problem  of  a "phvi  0 . 


The  present  report  represents  the  first  results  of  the  above  study  and 
deals  exclusively  .with  the  cylinder.  A portion  of  this  problem  has  been  con- 
sidered by  Urseil(S),  namely,  the  fcroed  oscillation  of  -the -oylinder.  Uraell's 
results  yield  the  veritcal  force  on  the  oylinder  in  a form  exactly  like  that  de- 
scribed above  except  that  the  virtual  mass  and  damping  factors  are  now  functions 
of  frequency.  From  this  solution  we  obtain  an  approximation  of  the  heaving  mo- 
tion in  incident  waves  by  neglecting  the  diffraction  by  the  moving  oylinder. 

This  approximate  solution  is  found  to  be  valid  for  waves  whioh  are  long  com- 
pared to  the  diameter  of  the  oylinder. 


The  ™*thcd  used  hero  is  essentially  that  recommended  by  Weinblum  and 
St,  Denis^  '.  The  idea  of  introducing  virtual  mass  and  damping  factors,  as 
determined  from  the  forced  oscillation  of  the  object  was  investigated  by 
Havelook^'.  He  suooeeded  in  obtaining  an  approximation  to  the  damping  factor 
by  assuming  the  object  might  be  replaced,  in  forced  oscillation,  by  an  equiva- 
lent distribution  of  Bourses. 


Another  approximate  solution,  obtained  by  an  entirely  different  method, 
if  found  to  yield  good  agreement  with  observed  values  provided  the  waves  are 
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For  figures  in  parenthesis  see  References  at  end  of  report 
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short  compared  to  the  diameter.  This  method  involves  replacing  the  uau&'l  free 
surface  condition  for  the  velocity  potential,  y , by  the  simpler  condition,  <£-0. 

The  condition,  <f>  - 0 . has  been  previously  used  by  J-L.  TaylorV®)  and  others; 
again,  however,  only  for  the  case  of  foroed  oscillation®  The  present  report  ap- 
pears to  be  the  first  effort  to  extend  the  method  to  treat  freely  floating  objects. 

A discussion  of  this  simplified  boundary  condition  is  given  in  the  appendix,  and 
it  is  shown  ohat  it  is  indeed  the  proper  approximation  to  use  in  considering  large 
frequencies,  i.e.,  short  waves. 

Using  these  two  approximate  solutions  it  is  found  to  be  possible  to  pre- 
diot  tfc?  heaving  motion  of  the  oylinder  with  good  accuracy  <y*or  almost  the  entire 
range  of  frequenoies  considered. 

2,  Foroed  Qsoillation  of  a Circular  Cylinder 

We  suppose  a fluid,  infinitely  deep-  occupying  the  region  ~ ® < x<+®,0<  y <® 
so  that  y = 0 is  a free  surfaoe.  The  problem  treated  by  Ureell  is  the  fol- 
lowing. An  infinitely  long  circular  oylinder  of  radius  a,  is  placed  with  its 
oenter  at  the  origin,  (0,  0 ),  and  made  to  osoillate  vertically  with  simple  har- 
monio  motion  of  small  amplitude.  We  will  not  review  Ursell’s  prooedure  in  de- 
tail, but  will  content  ourselves  with  giving  the  results,  which  are  needed  for 
the  subsequent  developments.  Briefly,  Ursell  obtains  & solution  by  assuming  the 
velocity  potential  may  be  represented  as  a superposition  of  the  potential  due  to 
a point  source  at  the  origin,  and  an  infinite  series  of  non-ortho gonal  harmonic 
functions,  satisfying  the  free  surface  condition.  A method  for  computing  the  co- 
efficients in  the  expansion  is  given  and  a proof  given  for  the  oonvergenoe  of  the 
series. 


Fbr  our  purpose  the  important  result  of  Ursell* s work  is  the  vertical  force 
per  unit  width  on  the  oylinder.  It  is  found  that  if  £ represents  the  heaving 
motion,  the  force  may  bs  written  in  the  form 


Fv ( t ) - M1  ( 


2 y-  0 a £ 


(1) 


where  <r  is  the  frequency  of  the  motion,  fx  the  density  of  fluid  and  g the 
aooeleration  of  gravity.  Die  functions  M and  N are  given  by 


crg  o 

9 


) 


I 2 / IT*  0 \ 

--  J TT  fx  a ml  — g—  ) 

_ , Mot**  J/g)  A(yl  a/g)-N0(<r2  °/q)  S(  °r‘  a/g) 

Z H-  a a A2^*  °/g)+  B2(«r‘  °/g ) 


(2) 


with  m,  A,  B tabulated  funotions.  The  functions  Mo  and  No  are  not  tabulated 
explicitly  but  may  be  easily  determined  by  equating  the  average  work  done  over  a 
oyole  to  the  average  rate  of  propagation  of  energy  outward.  This  condition  leads 
to 


M0  A — N©  B : -£~  it  2 
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whloh  together  with  the  expression  for  m , 


m 


Ma  8 + N0  A 
A!+B2 


permits  the  calculation  of  M0  and  No  and  henoe  the  second  term  in  the  force. 


It  is  to  be  noted  that  the  foroe  as  given  by  Equation  (1)  has  the  same 
form  as  has  been  assumed  in  previous  reports.  However,  the  quantities  M and 
N are  no  longer  constants,  but  are  funotione  of  frequency.  These  functions 
euro  plotted  in  Figure  1,  with  the  values  obtained  by  oscillation  in  still  water 
indicated.  We  see  that  although  the  experimental  values  do  not  differ  too  much 
from  the  theoretioal  values  at  the  same  frequency,  they  differ  quite  radically 
from  theoretical  values  at  other  frequencies. 


3,  Heaving.  Motion  for  Long  Waves 

To  obtain  An  approximate  solution  to  the  problem  of  finding  the  motion 
of  the  cylinder  in  an  incident  wave  train,  we  proceed  now  along  the  lines  used 
by  Fuchs'-^in  an  earlier  report.  That  is,  we  assume  the  heaving  to  be  periodic 
with  the  same  frequency  as  the  incident  wave,  and  we  add  to  the  foroe  already  ob- 
tained, the  force  due  to  the  undisturbed  incident  wave.  The  resulting  differen- 
tial equation  for  £ differs  from  that  given  by  Fuchs  in  that  the  coefficients 
of  the  first  tod  second  derivatives  are  functions  of  frequency.  Such  an  assump- 
tion means  that  we  are  neglecting  the  effect  of  diffraction  of  the  incident  wave 
by  the  moving  oylinder. 

For  purposes  of  calculation  we  introduce  polar  co-ordinates  ( r,  9 ) 
where  r is  measured  radially  outward  from  the  origin  and  9 is  measured  from  the 
positive  y axis  (whioh  is  vertically  downward).  The  velocity  potential  of  the 
incident  wavs  is 

4>  = — e' k y cos  ( k x - cr  t ) , 

where  A is  the  amplitude  and  k = — — — . From  Bernoulli's  equation  the 
periodic  part  of  the  pressure  is 

P = 9-  0 

and  -cue  resulting  vertioal  foroe  per  unit  width  on  the  oylinder  i« 


,♦  *72 


Fv(ll(t)  = fl/i  g A f g-ba  cos  9 Sjn  ( k o sin  6 - cr  1 ) cos  6 d 8 

er  /« 


7T/2 


= - 2 a fx  g A sm  cr  t J e~ ka  ^ ® cos  { k a sin  9)  cos  9 d 8 . 


Now 


e 


•< acos#  . „ , _-kae'^  \ „ v-  (-!)"  (ka)n  _in  Q 

cos  k a sin  (/)  - Re  ( 8 ) = Re  }_ r-j 8 


n = o 


v i-D"  (ka; 

^ n J 

n=  0 


cos  n 


4* 


thus,  intagrating  tarzu  by  term,  we  find  for  the  force, 

Fv(l)(t)  = - 2 a /xg  A sir  rr  t £ Li)  ^ , \ k--'-  - f cos  n Q cos  9 <3  8 

- - r.  ' J0 


2 a /x  g A sin  cr  t M k a ) , 


where 


f ( k a ) = ! - ^ ka  + 6 (ka)  - (,5)(24 ) + (35)  (720 ) ^ ko^  * (3) 

With  the  notation 

M-(^)  -a^(.+  .(^))  , 

2 b = N(Cr)  °/3-)  oj2  = 2 f.  = _ 2_q.  9 - 

^ M (cr*  a/q  ) ’ M <er‘  a/g ) » ,q  M(>*  <Vg) 

the  differential  equation  of  motion  baoomee 

+ 2b  + cu2  £ = f0  A f ( ka  ) sin  cr  i . 

The  steady  state  solution  is 


f0  f (ko)  A 

(cu*  -c*  )*+  4b*  o'* 


- o=  ) sin  <j  t + 2b  a cos  a t 


so  that  the  relative  heaving  amplitude  is 


(4) 


l£/Al 


f0  f (ho) 

V (to*  -o'*  )*  +■  4 b*  c ra 


(5) 


This  ratio  is  plotted  in  Figure  2 with  comparison  to  the  observed  values 
obtained  by  Sibul^'.  Die  agreement  is  seen  to  be  quite  good  for  the  first  por- 
tion of  the  ourve  where  the  waves  are  long  oompared  to  the  diameter  of  the  cyl- 
inder- but  the  theoretical  results  drop  off  too  rapidly  as  the  wave  length  shortens. 
The  theory  does,  however,  seem  to  be  adequate  for  the  region  of  mexiEnsi  heaving- 


4„  Heaving  Motion  for  Short  Favea 


In  discussing  wave  motion  involving  a free  surface,  at  say  y=  0 , 
one  has  to  deal,  tc  a first  approxima1!  ion,  with  the  boundary  condition 


* "«  = 


0 


or 


0 


It  is  shown  in  the  appendix,  however,  'hat  for  large  frequencies,  this  oonaition 
reduces  to  the  simple/  one  = 0 on  y = O . We  are  led  then  to  search  for  a 
function  harmonio  in  the  domain  of  the  fluid,  vanishing  on  the  portion  of  y ~ 0 
corresponding  to  the  free  surfaoe,  and  having  a prescribed  normal  derivative  on 
the  cylinder. 
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This  simplified  problem  may  be  solved  by  str  m.liorr.c.  methods  of 
separation  of  variables.  We  prefer  to  give  the  sol--*-"  te*'--.-  of  a Green's 

function  having  a logarithmio  singularity.  The  latter  ^ is.,  of  course, 
exactly  equivalent  to  the  former  insofar  as  the  fon-t-I  _-i  .**«>  are  concerned, 

but  the  modification  of  aouroos  to  satisfy  the  complete  free  surface  condition  is 
known' and  it  is  felt  that  th6  present  method  might  serve  e.s  a first  step  in  a 
series  solution  to  the  complete  problem.  That  is,  one  oould  get  11  second  approxi- 
mation which  satisfied  the  free  surfaoa  oondition  but  no  longer  satisfied  the  con- 
dition at  the  oylinder;  then  oorreot  again  for  t’n6  condition  at  the  cylinder,  etc* 
Such  a technique  has  been  used  with  some  suooess  by  Havelock (®)  to  study  the  motion 
produced  by  comp  lately  submerged  ob.jeots. 

It  will  be  oonvenient  for  this  section  to  measure  the  polar  angle,  9 , 
positively  olooh'^rise  from  the  positive  x-axis.  Let  r*  (r,  v/f),  Q = ( p,  0) 
represent  two  points,  and  R be  the  dist&noe  between  them.  Consider  the  funotion 

Gi  ( P,  Q)  defined  by 


G,  ( P,  Q ) = - log  r - log 


--  log 


yr2+p2-2rpcos(P-i//)  ^/r2+  ^ _ 2r  at  ^ ( Q _ ^ ) 

G i ( P.  0 ) is  harmonio  for  P ^ Q and  has  a logarithmic  singularity  for 

P ■=  0 . Using  the  identity 


.(6) 


log  { 


I 


*/\  - 2r  cos  x + r 2 


} * .?> 


cos  nx 


n=  0 


find 


Gi  * log  p - z -hr  { rn  + } cos  n ( 9 - \j/ ) 

n«i  r L J 


(7) 


2 G 


i _ 


2 r 

If  we  define 


at 


r - o 


\s/7 


A)  G (P,  Q)  harmonio  for  P & a in  — 

B)  G — log  R regular  in  the  same  region  ; 

C)  G = 0 on  y = 0 ; 

D)  4-^-  = 0 on  p = 0 . 

a P 

Jfe  remark  further  that 

G ( r,  p,  9 ) - 0 ( I //>) 


’ . /f  A-  0 /e 

-v  * ■*  / p 

-2°  r/p  ccsiO+'^'i  1 

'</ r ^ /« 

_ ? o r u r~*iQ  _.m  J 

— V *e/v\v  - y / 

(P,  Q) 

satisfies 

< x < + oo 

0 < y < oo  •, 

as 


,• \ 
r 


ao 


(5) 
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Furthermore  tha  conditions  that  ba  bounded  at  ® and  be  0 on  y = 0 demand 
that 

^ ( p , 6 ) = 0 ( i/p  ) as  p " ® (i 

We  are  now  in  a position  to  express  the  velocity  potential  <j>  satisfy- 
ing the  above  mentioned  conditions.  Wa  apply  Green's  theorem. 


IJ  ! u V*  V - V V*  u)  dS  = jr  ( u fjr  - v ) d t , 

^ i 

where  y2  _ ^_o  ^ ? , D i8  a region  in  the  plane,  C is  its  boundary, 

and  n is  the  exterior  normal  to  C . For  D we  take  the  region  bounded  by 
the  cylinder,  the  line  y = 0 , a large  semi-circle  of  redius  K and  center 

at  the  origin,  and  a small  oirole  of  radius  £ a_id  center  at  ( r,  \ff  ) . 

Then  both  G and  <f>  are  harmonic  in  D and  Green's  theorem  applies,  with 
the  left  hand  side  equal  to  zero.  Using  conditions  (9)  and  (10)  the  integral 
over  large  semi-circle  vanishes  as  K-*  ® . Using  (B)  the  integral  over  the 
small  oirole  tends  to  2 7T  <j>  ( r , \f/  ) »«  £ — 0 . Consequently,  using  (c) 

and  (D),  and  letting  K no  , < -*  0 , 

0 ( i'  > : YV~  4 T^~  { P > d)  G {r>  * > P > 9)  6 rc  , ( 

where  Cc  is  the  lower  half  of  the  oylinder.  Again  using  the  identity  (7)  we 

find 


G ( r,  \f/ , o,  6 ) - 2 Y,  T ( 7")  cos  n (£+»//)-  2 £ ^ ( 7-  ) cos  n {6-^) 


= — 4 y jr  ( ~ )n  sir>  n 9 sin  n i//  . 


Fhcm  Equations  (11)  and  (12), 


<Mr>  1 ~ ^r-  X jr  ( f )n  sin  n 'p  f (o’  9)s5nn9d9 


The  pressure  is  obtained  from 

Pi  r>  ^ , tO  = fi  jjf-  . 

Hence . fcr  the  vertioal  force  on  the  oylinder  we  have 


1 1 > = 0 l (££-)„=<,  sin  <P  d t = - fL  ( y£-£r\,0  Sin  fi  d 8. 


To  make  the  connection  between  our  results  and  the  theory  of  sources  in  a 
fluid  we  need  only  note  that  tha  function  G|  ( P , Q ) as  given  by  Equation  (6), 


is  merely  the  superposition  of  line  souroes  of  unit  strength  at  ( p , 9 ) and 
the  inverse  point  with  respeot  to  the  oirole,  i.e.,  ( o2/o  , 9 ),  and  a sink 
of  strength  one  at  the  origin.  If  we  modify  these  souroes  as  indicated  by 
Kennard'®'  we  will  have  a funotion  satisfying  the  oamplete  f C UT Condi  oiiijl 

but  no  longer  having  zero  normal  derivative  on  the  oylinder. 


t We  ocnsider  two  oases. 

with  a velocity  u ( t ) 

Prom  Bquation  (14). 


First  the  foroed  osoillation  of  the  oylinder 

Then  ( rfTT^  P-- o = TT  sin  9 • 


(i  > 


(t ) = 


“ T 


7 T 


3 U 
V t 


(15) 


Hiis  result  is  a familiar  one,  being  the  foroe  on  the  lower  half  of  a cylinder 
moving  vertioally  with  velooity  u , in  an  infinite  fluid.  The  second  oase  is 
to  oorrespond  to  the  diffraotti  wave  p’*oduoad  by  &u  incident  plane  wave, 

4>u)-  e~ ky  cos  ( k x - cr  t ) , k = cr2/g 
inoident  on  a rigid  oylinder.  In  this  instance  we  take 


(77TT-),,.,  = cos  Uo  cos  6 + 8 - cr  t)  S 

the  term  in  the  foroe  multiplying  COS  <J  t is  odd  with  respect  to 
9 - 7r  /2  , and 

-w/t 

FV<£|  = - 2 k fj.  g A a2  J D [6)  sin  9 d B sin  cr  l , (16) 

where  0(9)  = g~k°  ^ ^ sin  ( ^ a ^ Q + Q ) 


then  represents  the  fores  ius  to  ths  diffracted  wave.  to  solve  the  problem  of 
the  motion  of  the  oylinder  due  to  an  inoident  wave,  we  combine  these  last  two 
results.  We  assume  the  motion  of  the  oylinder  is 

£ = £0  sin  ( cr  t + € ) . 

For  ths  total  velooity  potential  we  take 


sher-e  is  the  potential  duo  to  motion  of  oylinder,  and  is  the  po- 

tential of  the  diffracted  wave,  from  a rigid  oylinder.  By  construction  we  then 
have 

<3  <ft(n  . d 4>r“ 

a r 


and,  henoe, 

a ± 


Tr 

a <t>{" 

a r 


at 


= £ cr  COS  ( cr  t + € ) COS  9 at  r - 
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which  is  the  desired  boundary  condition.  On  combining  Equation  (3)  of  the  pre- 
vious section  with  Equation  (15)  and  (16)  we  can  compute  the  vortioal  foroe  on 
the  cylinder.  The  equation  of  motion  then  becomes 

' “ ir‘1 

/x  v cr  crz  sin  ( <x  t + € ) = — | 2 /x  g k A a 2 J D ( 9)  sir.  9 d 9 

+ 2xxQAaf(ka)l  sin  rr  t 

' j 

from  which  it  follows  that  f -0  , and 

I £0  /A  I = 4-  { 0(0)  sin  0d  e + } . 

The  oonolusion  € -0  means  that  the  motion  of  the  oylinder  is  either  in 
phase,  or  exactly  180°  out  of  phase  with  the  pressure  due  to  the  incident  wave 
at  x = 0 • 


The  results  from  Equation  (17)  are  plotted  on  Figure  2 for  the  region  of 
higher  frequencies.  For  smaller  frequencies,  the  results  cease  to  be  of  value 
but  it  is  seen  that  between  the  two  approximate  theories  included  in  this  report, 
it  is  possible  to  oover  almost  the  entire  range  of  frequencies  with  considerable 
accuracy. 

For  purposes  of  comparison  the  results  using  value;  of  the  virtual 
mas 8 and  damping  factors  which  are  oonstant  and  equal  to  their  experimentally  de- 
termined values  are  included  in  Figure  2.  Ix  is  seen  that  the  maximum  amplitude 
predicted  in  this  manner  is  nearly  20  peroent  too  high,  while  the  method  of  this 
report  yields  the  maximum  almost  exactly. 

5.  Future  Studies 


The  analysis  of  the  present  report  a ay  be  repeated  for  the  oase  of  the 
sphere,  although  the  procedures  are  senewhat  more  complicated.  The  solution  for 
large  <x  has  boon  obtained  and  the  numerical  oaloulations  have  been  carried  out. 
The  formal  solution  to  the  forced  osoillation  problem  has  also  been  obtained  and 
calculations  are  under  way.  The  oaloulations  involve  so)utions  of  systems  of 
linear  equations  and  are  quite  lengthy* 

It  may  be  remarked  that  despite  its  apparent  complications . the  problem 
of  ths  sphere  seems  to  be  fundamentally  simpler  than  that  of  the  cylinder.  The 
reason  i^^hat  the  wave  motion  due  to  the  presence  of  the  sphere  vanishes  at 
infinity'’''  and  one  is  left  with  the  incident  wave  only.  The  cylinder  on  the 
other  hand  produces  waves  whioh  remain  finite  at  infinity  and  it  is  not  clear  what 
one  should  tako  as  conditions  at  infinity. 

It  is  in  fact  possible  to  obtain  formally  a o omplete  solution  to  the 
problem  of  the  motion  of  a sphere  in  an  incident  wave.  This  solution  has  been 
obtained  and  involves  some  additional  numerical  oaloulations,  in  addition  to  whioh 
there  are  serious  oonvergenoe  questions  still  unanswered.  It  is  however,  planned 
to  present  these  resultu  in  the  near  future. 
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Appendix  - Discussion  of  th-  "-v-.*w*r.wy  Gor,JJ-ticn 

In  order  to  study  the  simplified  ounsary  condition,  <fi  z 0 , we  first 
consider  the  exact  solution  of  tf~  of  waves  of  frsquency,  <T  , in  the 

presence  of  obstacles  of  bounded  onnsc  section.  Suppose  that  the  depth  of  the 
water  is  finite,  h , and  let  R denote  the  region  of  the  fluid  exterior  to  the 
obstacle.  In  this  region  the  potential,  , joay  be  expanded  in  a series  of 
c’  araoteristio  functions. 


1 1 

4>  - A0  COS  k0(  X - xj  cosh  k0(y + h)  + £ Ar,  cos  kn  (y t-h)  cosh  k„  ( x - x0)  , 


(A-l) 


where  k0 


i i k n 


arc  roots  of  the  equation. 


a - g k tanh  k h 

and  the  An  are  constants.  These  constants  could  be  determined  if  <f)  were 
known  over  the  vertical  secti  on  x = *0  , ~h  < y < 0 . However,  for 

our  purpose  it  suffices  to  remark  that,  in  water  of  large  depth,  the  potential 
quickly  approaches  the  form 


= A0  COS  kp  ( X -x0  ) cosh  k (y  + h) 


as  the  distance  from  the  obstacle  increases.  Henoe.  we  have 


<f>  = 0 ( A ) for  y = 0 • (A“2) 

Now  the  surface  elevation,  7)  , is  obtained  from  <£  by  means  of  the  equa- 

tion 

_ . i_  a ft 

^ ' g at 

wnioh,  in  the  ease  of  periodic  motion,  means 


;0(f  A.) 


(A-3) 


Now  let  0 bo  a dimension  of  the  obstacle.  We  may  determine  the  de- 
pendence of  Ao  and  consequently  of  ft  and  7)  on  cr  by  a simple  dimensional 
argument.  The  variables  of  the  problem  may  be  taken  as  o,  <r  and  g . W6  then  set 

A0  = 0(ga<7^ay)  2 

a flensrth^ 

and  determine  a,  p.  v so  that.  A0  hs.s  the  proper  dimensions,  namely  time- 

Uiis  oaloulaticn  gives 

A0  --  0 ( g Q a1'20  a2'0  ) 

for  some  a . Uius  we  have 


ft  • 0 (ga  <t"2Q  a2’°  ) for  y=0,  rj- O(g0''cr 


a-i  z-z  a „z-a 
cr  o 


(A-4) 


' k 


t 


A-2 


Now  ths  velocity  potential  of  a progressive  ’.revs  is  given  Ly 


q a 

cr 


cosh  K0  ( y -t-  h ) 
cosh  k0  h 


cos  ( k©  x - a t ) 


(A-B) 


w.iere  A is  an  amplitude.  For  the  cases  in  whioh  we  are  interested,  namely,  the 
motion  produoed  by  forced  osoillation  of  a cylinder,  and  by  the  diffraction  of  an 
incident  wave  about  such  a cylinder,  we  wish  to  have  the  wave  motion  at  infinity  be 
of  the  form  in  Equation  (A-5),  with  A bounded.  It  follows  then,  by  comparing 
Equations  (A-4)  and  (A**5),  that 


a - I ; that  is, 

4>  - 0 ( I /<T ) at  y=0,  -n  = 0 ( I ) . 

™s  have  shown,  therefore,  that  to  obtain  motions  produoed  by  an  obstacle  of  bounded 
cross-section,  whioh  give  finite  wave  heights  at  infinity,  we  should  solve  the 
problem  obtained  by  setting  <j>z0  on  the  free  surface. 


* 


* 


Experimental  values 
in  still  water. 


D - diameter  of  cylinder 
L s wave  length  of  free  w< 
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